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EQUILIBRIUM I S  THE SYSTEM, SILVER CHLORIDE 
-4ND PYRIDINE 
BY LOUIS KAHLENBERG rlND WALTER J. WITTICH 
X o  ivork has hitherto been done on compounds of silver 
chloride and pyridine. Several salts of silver with pyridine 
of crystallization have been studied by Jorgensen, Schmu- 
jlow,2 L i n ~ o l n , ~  Klobb, 1-aret,' and Kahlenberg,' but com- 
pounds of silver chloride and pyridine have not been de- 
scribed thus far. 
The object of this work is to study the system silver 
chloride, pyridine in the light of the phase rule. 
The pyridine used for this purpose was a Verck's prep- 
aration. I t  was dried several days over fused caustic 
potash and then distilled. The fraction passing over between 
I 14' C and I I j O C under a barometric pressure of 741 .j mm 
was used. The silver chloride was made from Verck's silver 
nitrate, which was fused and pulverized in the dark, dis- 
solved in hot water and precipitated with hydrochloric acid. 
The precipitated silver chloride was washed thoroughly until 
no trace of hydrochloric acid could be detected in the filtrate. 
It was then pressed between porous plates and dried in an 
air bath at  a temperature of I j o o  C. -After several hours of 
drying, the silver chloride was pulverized and redried to remove 
all traces of moisture. *All of this work was done in the dark. 
The solubility determinations were performed with the 
Meyerhoffer and Saunders' apparatus consisting of a hard 
glass tube, fitted with a spiral stirrer, the whole being im- 
mersed in a constant temperature bath. Ah ordinary water 
bath was used for the determinations from oo to 60' C. From 
Jour. prakt .  Cheni. ( 2 ) ,  33, joz (ISSO). 
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60' C up to I 10' C a paraffine bath proved most efficient in 
the maintenance of a constant temperature. For the deter- 
minations from oo  C to -10' C a freezing mixture of calcium 
chloride and ice \vas used, while from -1oOC to - 2 o O C  a 
mixture of ice and equal parts of sodium chloride and calcium 
chloride was employed. From -2oOC to -6oOC solid 
carbon dioxide and ether were used. The temperatures 
b e i m  zero were read on a toluene thermometer which per- 
mitted estimations to tenths of a degree. ordinary mer- 
cury thermometer graduated to tenths of a degree was used 
for the upper register. From oo C to I 10' C the determinations 
were made at  temperature intervals of ten degrees. Below 
zero this Tvas impossible ; the temperature intervals varied. 
The solvent and salt were stirred together for an hour 
and a half and in some case5 two hours, in order to assure 
equilibrium, To test whether equilibrium had been reached, 
some of the liquid was remoT-ed at  different inters-als of time, 
by means of a pipette, and the silver content determined. 
The nozzle of the pipette was capped with muslin in order to 
hold back any crystals. 
Owing to the insolubility of silver chloride in both water 
and the mineral acids, no volumetric method of analysis 
could be used. The addition of water or acid to the sample 
liquid caused silver chloride to separate from the solution. 
Consequently a gravimetric method of analysis was used. 
The sample was drawn from the tube with a pipette as stated, 
transferrecl to a weighing bottle and weighed. The liquid 
nas  then transferred to a beaker, diluted with distilled mater 
and the silver chloride precipitated by adding dilute nitric 
acid. Xfter boiling and allowing to stand over night, the 
silver chloride n.as transferred to a Gooch crucible and 
thoroughly dried at  I j o o  C in an air bath. The drying was 
continued until the silver chloride was of constant weight. 
All these operations were performed in a dark room. 
The experimental results recorded in the following table 
are the average of two or more concordant determinations. 
Owing to the difficult>- of maintaining constant temperature 
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below oo  C, repeated determinations were made. Judging 
from the smoothness of the curves the results cannot be far 
from the true ones. 
The experimental results obtained are given in the fol- 
lowing table : 
Equilibrium between saturated solution and solid. 
4gC1. 2 C j H j S  
__ ~ 
~ - ~~ ~~ ~ ~ ~~ 
Temperature  
" C  
' Grams AgC1 in  100 grams 
of pyridine i 
-j j Freezing point of 
saturated solution 
-j2 
-4 9 
-40 
-3 5 
-30 
-2 j 
-2 2 
transition point 
- 
0 . 7 0  
0 , 7 7  
0 . 9 9  
I .36 
I 80 
- 
2.20 
2.75 
Equilibrium between saturated solution and solid. 
AgCl.C,HJ 
- 2 0  
-18 
-10 
-3 
-1 
transition point. 
Equilibrium between saturated solution and solid XgCl. 
0 
I O  
2 0  
30 
40 
5 0  
6 0  
io 
80 
90 
IO0 
I I O  
5.35 
I . g 1  
0.80 
0 . 5 3  
0.403 
0 . 3 2  
3 . 1 7  
1.20 
0 . 2 j  
0.22 
0. I8 
0. I2 
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The results in the table are shown graphically in the 
accompanying figure. The temperatures are plotted as 
abscissae, and the amounts of silver chloride in IOO grams of 
pyridine as ordinates. 
*It -56' C salt and solid pj-ridine separate out together, 
and on lowering the temperature the entire mass congeals. 
ITe have then a t  - j 6 O  C a quadruple point; the non-variant 
system, consists of four phases: solid pyridine, solid salt, 
saturated solution, and vapor which are in equilibrium with 
one another. The solubilitj- graduallj- increases from -j6 O 
to -22' C. The solid in equilibrium with the saturated 
solution between the said temperatures has the composition 
A4gC1.2CjH,S. These crystals are minute and very un- 
stable a t  temperatures above -22' C. The analysis of the 
crystals yielded 54 percent pyridine v-hile the calculated 
amount is 5 2  percent. The somewhat high experimental 
result is probably due to adhering pyridine, for it is practically 
impossible to dry the crystals thoroughly owing to their in- 
stability. 
From -zoo C to -1oOC the solubility curve takes a 
different course. The solid which is now in equilibrium with 
the saturated solution has the composition XgC1.C6H6N. 
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The crystals are minute and needle-like, and upon analysis 
they were found to contain 34.2 percent pyridine. The 
formula AgCl.C,H,N represents 3 j percent pyridine. Be- 
tween -22'C and -2o'C we have then a transition point 
at which the four phases, vapor, saturated solution, 
,4gC1.2C5H,S and AgCl.C,H,S are in equilibrium. 
The crystals of AgCl.C,H,S are much more stable than 
those of AgC1.2C,H6S and can easily be dried between porous 
plates. 
Between -I' C and 110' C the cur\-e takes a most re- 
markable course. One would naturally expect the solubility 
curve to continue going up, but from -I' C to 110' C the 
solubility steadily decreases. n'hen the melting point of 
the compound AgCl.C,H5K has been passed, the solid phase 
again changes and we now haTe AgC1. Consequently -I' C 
is another transition point at syhich the phases, vapor, sat- 
urated solution, AgCl.C,H,?; and -4gC1 are in equilibrium. 
Upon a further rise in temperature the -4gC1 gradually drops 
out of solution until a t  110' C the solubility has decreased 
to 0.12 percent. 
Summary 
The results of this new nork show that there are two 
distinct crystalline compounds of silver chloride and pyridine. 
The two compounds are : -IgC1.2C5H,N and AgCl.C5H5K, 
hitherto unknown. The -IgC1.zC5H5K occurs between the 
temperatures -j6' C and -22' C. It appears in the form 
of minute crystals which are very unstable a t  temperatures 
above -22' C. The AgCl.C,H,N occurs between the tem- 
peratures -20' C and -I' C. This salt consists of minute 
needle-like crystals which are more stable than the dgC1. 
2C,H,N. 
It is most interesting to note that the solubility of the 
AgCl decreases from -I' C to 110' C as the temperature 
rises. The entire equilibrium curve in the system chloride 
and pyridine has thus been established from the freezing 
point of pyridine up to 110' C. 
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